Early investigatorsl2 of the electromotive -force produced by the illumination of an electrolytic cell which contains a fluorescent electrolyte have reported that it was necessary to illuminate the actual boundary between the electrode and the solution in order to get the effect. Recently Grumbach3 found that if sufficiently dilute solutions are used an electromotive force may be obtained when the light does not fall on the electrode. He attributes this to a photo-chemical change in the electrolyte which makes the cell in effect a concentration cell and he finds that the total electromotive force observed when the electrode is illuminated is the superposition of this effect and an electromotive force in the production of which the electrode is directly concerned. He attributes Goldmann's2 failure to find the effect to the fact that the concentration of his solutions was so large that the active light was absorbed in a very thin layer at the surface.
Early investigatorsl2 of the electromotive -force produced by the illumination of an electrolytic cell which contains a fluorescent electrolyte have reported that it was necessary to illuminate the actual boundary between the electrode and the solution in order to get the effect. Recently Grumbach3 found that if sufficiently dilute solutions are used an electromotive force may be obtained when the light does not fall on the electrode. He attributes this to a photo-chemical change in the electrolyte which makes the cell in effect a concentration cell and he finds that the total electromotive force observed when the electrode is illuminated is the superposition of this effect and an electromotive force in the production of which the electrode is directly concerned. He attributes Goldmann's2 failure to find the effect to the fact that the concentration of his solutions was so large that the active light was absorbed in a very thin layer at the surface.
Goldmann used as electrodes semi-transparent platinum films deposited on the glass walls of the cell and he illuminated the cell through one of the electrodes. He used concentrated alcoholic solutions, the fluorescent dyes being as a rule much more soluble in alcohol than in water. It seems desirable to look for evidence of the effect described by Grumbach using Goldmann's type of electrode and strong solutions.
If the electrolyte is made to flow along the surface on which the electrode is deposited and may be illuminated before it reaches the electrode, through the electrode or after leaving it, at will, evidence of an electroxnotive force due to a photo-chemical change steady value. A 3 per cent solution of rhodamine-B in absolute alcohol was used. Mrs. Jenkins4 has shown that at this concentration the cell has a maximum sensitivity to light and that the steady state is more promptly attained than at larger or smaller concentrations. This is an important consideration when a considerable number of observations are to be taken. In the work here described from 2 to 5 minutes were required for the current to become steady after each change in the condition of the cell.
In figure 1 are plotted the values of the current against the position of the electrode measured in millimeters displacement from an arbitrary zero position. "b" and "d" it was partly illuminated, in regions "a" and "e" the only light falling on the electrode was that due to scattering and fluorescence in the neighboring illuminated solution. During this experiment the rotation was kept constant at 38 revolutions per minute and the direction of rotation was such that when the electrode was in region "a" the fluid flowing by the electrode had recently passed in front of the window while, in region "e" the fluid was approaching the window. In taking the data shown, the electrode was not moved always in one direction but frequent large displacements were made to ensure that conditions were-not changing with time. The six points shown at the origins of the arrows were taken at the end of the experiment. After taking each of these data the rotation was temporarily stopped and the current observed. The arrows indicate the change in the current produced by stopping the motion. The difference in the results plotted in regions "a" and "e" shows definitely that the illumination of the solution produces some change such that when the modified solution is brought into contact with one of the electrodes an electromotive force results. The negative values shown in region "e" are probably due to the fact that in this position the electrode on the back of the tube is the first to receive the stream of modified solution. It was at first supposed that the asymmetry of the data in regions "b," and "d" was also evidence of the effect sought. It was found, however, that data taken with the direction of rotation reversed showed the same general shape in regions "b," "c" and "d" although the values were relatively somewhat lower in "b" and higher in "d." This asymmetry, is, then, partly due to something else than rotation. It is explained by the fact that the shape of the illuminated electrode is not rectangular. The actual shape of the electrode is shown by the insert, "f," in figure 1. The upper boundary of the electrode is the lower limit of the layer of bakelite insulation. This had been unevenly applied with the result shown. This pair of electrodes were remarkable in that the current, when the cell was not illuminated, was negligible. This condition is difficult to attain and, unless it is met, reproducible data such as here shown can rarely be obtained. No attempt was therefore made to repair the electrode.
In the first experiments performed with this apparatus the results differed from those shown in figure 1 in that no marked difference occurred between the values obtained in regions "a" and "e." These data were all taken with large rates of rotation. Studies of the variation of the current with speed were therefore made. Figure 2 shows two of these. The data represented by the crosses was made at scale setting 19.5 mm. and that, by the dots, at scale setting 13.5. These are the same settings as those represented by the arrows in regions "c" and "a" of figure 1. In the first case, the electrode is completely bathed in light, in the second, it is not directly illuminated, its nearest edge being 0.6 mm. from the beam of light. In each case the change in the current as the value of the speed changes from -40 to about 0, agrees well with the results shown by the arrows in regions "a" and "c," figure 1. Between -40 and -50 r.p.m. there appears a marked decrease in the value of the current. This is found in both curves. It has been observed that the speed at which this break occurs depends upon the accuracy with which the test tube is centered with the axis of rotation.
It would seem that at this critical speed the flow ceases to follow regular stream lines and becomes turbulent resulting in a general stirring of the solution. This reduces the concentration of the product of the photochemical reaction at the face of the illuminated electrode in the first case and causes less of the product to reach the electrode in the second. The reason for the gradual increase of the current with further increase in the speed of rotation in both cases is not clear but it may be associated with the decrease in the polarization produced by stirring. This has been observed with the same apparatus in a series of experiments which will be described elsewhere.
In the case of the second of these curves the current decreases as the speed changes from small negative to small positive values becoming negative at about 20 r.p.m. but again becoming positive at the critical speed.
The positions of the arrows in regions "a" and "e," 13.5 mm. and 26.1 mm., are symmetrical with respect to the center of the window. It is observed that the points of the arrows at these positions indicate approximately the same current. This shows that the difference in the effects observed at these points is the result of rotation and not stray light. This is also evidenced by the agreement between the small negative current shown in figure 2 for a rotation of +38 r.p.m. at the position, 13.5 mm. and that shown in figure 1 for -38 r.p.m. at the position, 26.1.
These data indicate that the photo-active electromotive force in the Goldmann cell is in part due to action by light on the fluorescent electrolyte in which the electrode plays no active part. Concerning a possible electromotive 'force in the production of which the illumination of the electrode is necessary, the results are not so conclusive. It should be noted, however, that the curve of figure 1 has sudden changes in the value of its slope at the boundaries of regions "a" and "b," and of regions "d" and "e," where the electrode is unilluminated but has one edge at the edge of the window. In both cases this is in the direction of an increase of current as the electrode becomes illuminated. The intensity of the light falling on the solution through the electrode is less than that which falls directly because of the absorption of the electrode. If the electrode were not directly concerned in the production of an electromotive force one might expect in passing from region "a" to "b" a decrease in the current. This part of the curve has been carefully examined for such an effect with negative results. Physic. Rev., 26, 540 (1908); 28, 25 (1909) .
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4 Physic. Rev., 18, 402 (1921 In an earlier number of these PROCUPDINGS,1 Professor G. N. Lewis adopted an extreme form of the light quantum theory, in which the light quanta are assumed to travel in straight lines except when deflected by matter, the facts of interference being explained by the assumption that the quanta do not go to those places where the wave theory forbids the action of radiation. As a crucial test between this and other theories of light, Professor Lewis proposed an experiment in which the absence of light quanta, traveling over a particular path which leads to the center of of an interference band on a screen, would produce an unbalanced torque on a reflecting mirror.
In criticizing this proposed test,2 the present authors called attention to the fact that the absence of action at a given point certainly could not always be interpreted as due to the absence of quanta passing through that point, since it would then be impossible to account for the well known phenomena of standing light waves. For this reason we suggested that even if light quanta should travel in straight lines, Professor Lewis's experiment might give no effect, since quanta might still be traveling through the point on the screen where interference exists, and then continue by transmission or reflection to places where the action of light is permitted.
Professor Lewis now replies3 that our suggestion would contradict the principle of the conservation of energy. He argues that, if the interference pattern falls on a screen of highly absorptive material, all the energy available from the light source will produce its effect in a very thin layer of the screen at those places where the light bands are produced by reinforcement, and hence there can be no additional quanta traveling through the position of the dark bands.
We are, however, unable to agree with this argument. In discussing the case of an absorptive screen we called attention to the possibility that quanta arriving on the screen at a position where interference occurs could 508 PROC. N. A. S.
